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a  b  s  t  r  a  c  t
Protozoa  from  the  family  Sarcocystidae  are  agents  of  reproductive  and neurological  dis-
orders in  horses.  The  transmission  of these  protozoa  may  occur  via  horizontal  or vertical
means,  and  the  frequency  and  potential  of  the later  is  not  fully  elucidated  in horses.  Thus,
the aim of  study  was  to  correlation  levels  of antibodies  in  mares  with  pre  colostral  foals
seropositive  and  assess  the  level  and  distribuition  of antibodies  against  Neospora  spp.,  Sar-
cocystis  neurona  and Toxoplasma  gondii,  in mares  and  pre  colostral  foals  at the parturition.
The  blood  samples  were collected  from  mares  immediately  after  parturition  and  from  new-
borns before  the  ingestion  of  colostrum,  and  sera  were  analyzed  for the  presence  of  IgG by
ELISA.  It was  found  that  21.5%,  33.7%  and  27.6%  of  mares  were  seropositive  for Neospora  spp.,
S. neurona  and  T.  gondii,  respectively;  foals had  antibodies  at a rate  of 8.3%,  6.6%  and  6.6%oxoplasma gondii for  Neospora  spp.,  S. neurona  and  T. gondii,  respectively.  Additionally,  paired  samples  from
mares and  pre-colostral  foals  revealed  an  overall  negative  correlation  between  the  serum
reactivity against  these  three  parasites  and  suggested  that seronegative  mares,  or  those
with low  to  intermediate  antibody  levels,  have  a higher  risk  of giving  birth  to seropositive
foals.
© 2013 Elsevier B.V. All rights reserved.. IntroductionProtozoa of the family Sarcocystidae are etiologic agents
f  disease in various animal species, including cattle
Gentile et al., 2012; Weston et al., 2012), sheep and
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ttp://dx.doi.org/10.1016/j.vetpar.2013.10.001goats (Moreno et al., 2012), dogs (Garosi et al., 2010), cats
(Falzone et al., 2008) and humans (Hide et al., 2009). Horses
are  also potential hosts, particularly for Neospora spp., Sar-
cocystis  neurona and Toxoplasma gondii, which can cause
severe  disorders or remain latent (Arias et al., 2012; Garcia-
Bocanegra et al., 2012; Villalobos et al., 2012).
In horses, these agents occasionally cause reproductive
problems, especially N. huguesi, however, it is uncer-
tain whether N. caninum also has such effects (Dubey
y Parasit108 F.L. Pivoto et al. / Veterinar
and Schares, 2011) due to cross-reactivity in methods of
serodiagnosis (Gondim et al., 2009) that impairs species
speciﬁcation by serological techniques. Neurological dis-
orders,  such as equine protozoal myeloencephalitis (EPM),
are  mainly caused by S. neurona (Dubey et al., 2001b),
with some cases attributed to N. huguesi (Wobeser et al.,
2009).  Despite its lack of association with lesion devel-
opment in horses, T. gondii was included in this study
due to its importance in public health, and previous stud-
ies  have revealed its seroprevalence in horses worldwide
(Boughattas et al., 2011; Karatepe et al., 2010), includ-
ing  places where humans consume equine meat (Pomares
et  al., 2011).
The  propagation of these parasites in intermediate hosts
occurs  via horizontal transmission or vertical transmission,
and the latter is an important route for the dissemination
of neosporosis in cattle (Goodswen et al., 2012) and toxo-
plasmosis in sheep and humans (Hide et al., 2009).
Despite the efforts of previous studies to conﬁrm this
transmission route in horses (Duarte et al., 2004; Locatelli-
Dittrich et al., 2006), many points are still unclear, including
the  relationship between the level of antibodies in mares
and  the frequency of vertical transmission of these agents
in  the Sarcocystidae family. Therefore, the aim of study
was  to correlation levels of antibodies in mares with pre
colostral foals seropositive and assess the level and distri-
bution  of antibodies against Neospora spp., S. neurona and
T.  gondii, in mares and pre colostral foals an the parturition
2.  Materials and methods
2.1.  Collection of serum samples
We obtained 181 samples from mares, without clini-
cal  history of neurological and reproductive diseases, and
their  newborns, in Rio Grande do Sul, Brazil. The blood
was  drawn by jugular puncture from mares during par-
turition and from their newborns before colostrum intake.
The  whole blood was centrifuged at 250 × g for 10 min  to
separate serum, which was stored at −20 ◦C until tested.
This research was licensed by the Ethics and Animal Exper-
imentation Federal University of Santa Maria, with number
81/2009.
2.2.  Antigens
Neospora caninum (NC-1 strain) and S. neurona (SN-37R)
tachyzoites were maintained under the same conditions by
the  continuous passage of HeLa cells and CV-1 cells, respec-
tively,  at 37 ◦C and 5% CO2 in RPMI medium supplemented
with 25 mM HEPES, 2 mM of l-glutamine, 3 mM sodium
bicarbonate and antibiotic/antimycotic solution (penicillin
100  IU/mL, streptomycin 100 g/mL and amphotericin B
0.25  g/mL; Gibco). T. gondii (RH) tachyzoites were main-
tained in BALB/c mice by serial passage for 48–72 h (Mineo
et  al., 1980). This maintained licensed by the Ethics and
Animal  Experimentation Federal University of Uberlandia,
with number 029/2012.
A  parasite suspension was washed two times (720 × g,
10  min, 4 ◦C) in phosphate-buffered saline 0.01 M (PBS, pH
7.2),  treated with protease inhibitors (Complete, Roche)ology 199 (2014) 107– 111
and  then subjected to ten freeze–thaw cycles and sonica-
tion  (60 Hz, 90% amplitude, in ice bath). After centrifugation
(10,000 × g, 30 min, 4 ◦C), the supernatant was collected
and ﬁltered through 0.22 m membrane (Millex, Milli-
pore, USA). The supernatant, containing soluble antigens
of  N. caninum (NLA), S. neurona (SnLA) or T. gondii (STAg),
was  collected and the protein concentration was  estimated
using the Bradford assay. Aliquots were stored at −20 ◦C
until  use.
2.3.  Indirect ELISA
Indirect  ELISAs were carried out to detect IgG anti-
bodies as described elsewhere Silva et al. (2007), with
modiﬁcations. In summary, high-binding microtiter plates
were  coated with NLA, SnLA or STAg (10 g/ml) in 0.06 M
carbonate buffer (pH 9.6) overnight at 4 ◦C. The plates
were then washed three times with PBS containing 0.05%
of  Tween 20 (PBS-T) and were blocked with PBS-T plus
nonfat skim milk 5% (PBS-TM) for 1 h at room temper-
ature. Subsequently, after three more washes, the wells
were  incubated with serum samples diluted in PBS-TM
(1:100) for 1 h at 37 ◦C, with known seropositive and
seronegative samples as reaction controls. The plates were
then  washed six times and peroxidase-labeled anti-equine
IgG,  diluted in PBS-TM (1:5000), was added and incu-
bated for 1 h at 37 ◦C. The reaction was developed after
a  new washing cycle, by adding the enzyme substrate
(0.03% H2O2) and chromogen (0.01 M 2,2-azino-bis-3-
ethyl-benzothiazolinesulfonic acid [ABTS; Sigma Chemical
Co.])  in 0.07 M citrate-phosphate buffer (pH 4.2). The opti-
cal  density (OD) was  read at 405 nm after a 40 min of
incubation in a plate reader (M2e, Molecular Devices, USA).
2.4.  ELISA index values
The  cutoff of the reaction was determined as the mean
OD  of the negative control sera plus three standard devia-
tions.  Antibody titers were arbitrarily expressed as ELISA
index  (EI) values, according to the formula IE = OD sam-
ple/OD cutoff, as described previously (Silva et al., 2007).
Samples with EI values >1.2 were considered positive.
2.5. Statistical analysis
Statistical  analyses were performed using the GraphPad
Prism v. 5.0 (GraphPad Software, San Diego, USA). Dis-
tribution of the serological positivity between the tested
parasites (Neospora spp., S. neurona and T. gondii) in
samples of mares and foals were analyzed by frequency dis-
tribution.  Correlation between the antibody levels in mares
and  pre-colostral foals against the three protozoa was  ana-
lyzed  by the Spearman correlation test. P-values <0.05 were
considered statistically signiﬁcant.
3. ResultsOf the 181 serum samples analyzed, 21.5% (39/181;
Fig. 1A) of mares in parturition were positive for Neospora
spp., 33.7% (61/181; Fig. 1B) were positive for S. neurona
and 27.6% (50/181; Fig. 1C) for T. gondii. Of the Samples
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olostral  foals analyzed by ELISA. The dashed lines indicate the cutoff valu
ollected from pre-colostral foals had a seropositivity fre-
uency  of 9.3% (17/181; Fig. 1A), 6.6% (12/181; Fig. 1B) and
.6%  (12/181; Fig. 1C), for Neospora spp., S. neurona and T.
ondii,  respectively.
Assessment of the association between antibody levels
gainst the studied protozoa revealed that 7.1% (13/181) of
ares  tested in parturition presented speciﬁc IgG antibod-
es  to T. gondii and Neospora spp., 12.7% (23/181) presented
ouble positivity to S. neurona and Neospora spp. and
0.4% (19/181) presented antibodies to S. neurona and T.
ondii.  With level of IgG antibodies revealed a low posi-
ive  correlation between anti-T.gondii/anti-Neospora spp.
gG  (rs = 0.2386; p = 0.001), anti-S. neurona/anti-T. gondii
gG  (rs = 0.5650; p < 0.0001) and anti-S. neurona IgG/anti-
eospora spp. IgG (rs = 0.2953; p < 0.0001).
On the other hand, distribution between IgG levels
or the three protozoa evaluated in this study from pre
olostral foals revealed that double positive samples to T.
ondii  and Neospora spp. was 6.6% (12/181) with rs = 0.2386
p  = 0.0016), to S. neurona and Neospora spp. was 6%
11/181) with rs = 0.3367 (p < 0.0001) and to S. neurona and
.  gondii was 5.5% (10/181) with rs = 0.1477 (p = 0473).
Our results also reported that seronegative mares
EI < 1.2) at the time of parturition had more foals with
igher concentrations of IgG antibodies speciﬁc to Neospora
pp.,  S. neurona and T. gondii. On the other hand, seropos-
tive mares (EI > 1.2) gave birth to a reduced number of
erum  reactive foals to the different tested parasites (Fig. 2).
.  Discussion
Neospora spp., S. neurona and T. gondii are phylogeneti-
ally closely related Apicomplexan parasites (Dubey et al.,
003).  In this work, we analyzed of the distribution anti-
ody  (IgG) levels of mares in parturition between Neospora
pp.,  S. neurona and T. gondii, in order to understand the
erological status of mares and foals in infected animals.
From an epidemiological point of view, our results show
hat  the positivity to more than one of these parasites is
ommon  in the sampled locations, which may  indicate that
he  animals are subjected to risk factors to the different
nfections. Because these parasites are agents of neurologic
nd  reproductive diseases in horses, as well as a public
ealth concern (Leon et al., 2012; Wobeser et al., 2009),
t  is evident that farm managers should adopt preventive
easures against the propagation these parasites. (B) and anti-Toxoplasma gondii (C) of mares in parturition and our pre-
.2) for seropositivity.
In a serological study in horses conducted in Costa
Rica, Central America, which examined the presence of
antibodies against S. neurona, Neospora spp. and T. gondii,
found 42.2% of the horses seropositive for S. neurona, 3.5%
for  Neospora spp. and 34% for T. gondii (Dangoudoubiyam
et al., 2011). Although this study found low levels of pos-
itivity  Neospora spp., other studies show distinct pattern
of  positivity. Namely, 14.4% of the horses were found to
be  positive for N. caninum in Curitiba, Brazil (Villalobos
et al., 2012), 30–32% in Iran (Moraveji et al., 2011),
and 24% in the Czech Republic (Bartova et al., 2010).
Additionally, a serological study that investigated the sero-
prevalence of S. neurona and N. hughesi in horses from
Brazil also suggested that there is a higher percentage
of S. neurona (69.95%) positive animals than positive to
N.  hughesi (2.5%) (Hoane et al., 2006). Although we also
found  the same trend in our study, there was  a notice-
able difference in the serological status of the cohorts
for Neospora spp. We  believe that these differences may
be  explained by the epidemiological characteristics of
each  region. Additionally, the prevalence status of the
populations may  be affected by host factors, such as
age.  Kligler et al. (2007) reported that the prevalence
of infected animals for Neospora spp. is directly associ-
ated with the age of the horses, where seropositivity was
usually  present in animals with more than 10 years of
age.
Regarding the parasites, there is evidence of envi-
ronmental contamination with these three congenitally
transmissible protozoa in the sampled region, due to the
presence of a large variety of canids, opossums and cats
found  in South America, as these are the deﬁnitive hosts
of  N. caninum, S. neurona and T. gondii, respectively (Dubey
et  al., 2001a, 2007; Kikuchi et al., 2004). In addition, studies
aimed  to understand the phenomena related to transpla-
cental transmission of these parasites are increasingly
required. Interestingly, serum samples of pre-colostral
foals exhibited high percentage of samples positive for
more  than one parasite. Previous study states that the anti-
body  avidity is dependent on how long cattle are infected
with N. caninum (Sager et al., 2003). Additionally, differ-
ent  studies demonstrate that antibody avidity depends on
the  interactions between immune cells, heterogeneity of T
and  B lymphocytes and maturity of the immune responses
acquired with age (Doria et al., 1978; Mei  and Radbruch,
2012).
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 our pre
s with EFig. 2. Relation between the status serologic of mares in parturition and
and  Toxoplasma gondii (E and F). Mares with EI < 1.2 (A, C and E) and mare
seropositivity.
Relationship between the level of antibodies in mares
and a frequency of vertical transmission of protozoa
Neospora sp., S. neurona and T. gondii are still unclear. Our
results  indicate that foals from mares that presented higher
IgG  titers probably were born uninfected (Fig. 2). These
results suggest that the antibody responses in mares may
prevent  transmission through placenta. This data corrobo-
rates  with a previous study performed in the same region
in  Brazil (Locatelli-Dittrich et al., 2006). However our study
assessed  only the humoral immune response. Therefore,
further studies evaluating the cellular response are needed
in  order to better understand the vertical transmission of
protozoan  belong to the family Sarcocystidae, since the
cellular  response has an important role in the protection
against parasites (Tanaka et al., 2000)
In summary, we have assessed the serological status of
mares  and pre-colostral foals to parasite from the Sarcocys-
tidae  family, Neospora spp., S. neurona and T. gondii, which-colostral foals by Neospora Spp. (A and B), Sarcocystis neurona (C and D)
I > 1.2 (B, D and F). The dashed lines indicate the cutoff value (EI > 1.2) for
suggested that seronegative mares, or those with low to
intermediate antibody levels, have a higher risk of giving
birth  to seropositive foals.
References
Arias, M.,  Yeargan, M.,  Francisco, I., Dangoudoubiyam, S., Becerra, P.,
Francisco, R., Sanchez-Andrade, R., Paz-Silva, A., Howe, D.K., 2012.
Exposure to Sarcocystis spp. in horses from Spain determined by West-
ern blot analysis using Sarcocystis neurona merozoites as heterologous
antigen. Veterinary Parasitology 185, 301–304.
Bartova, E., Sedlak, K., Syrova, M.,  Literak, I., 2010. Neospora spp. and Toxo-
plasma gondii antibodies in horses in the Czech Republic. Parasitology
Research 107, 783–785.
Boughattas,  S., Bergaoui, R., Essid, R., Aoun, K., Bouratbine, A., 2011. Sero-
prevalence of Toxoplasma gondii infection among horses in Tunisia.
Parasites & Vectors 4, 218.
Dangoudoubiyam, S., Oliveira, J.B., Viquez, C., Gomez-Garcia, A., Gonzalez,
O., Romero, J.J., Kwok, O.C., Dubey, J.P., Howe, D.K., 2011. Detection of
antibodies against Sarcocystis neurona, Neospora spp., and Toxoplasma
gondii in horses from Costa Rica. Journal of Parasitology 97, 522–524.
 Parasit
D
D
D
D
D
D
D
F
G
G
G
G
G
H
H
K
ciated with Neospora caninum. New Zealand Veterinary Journal 60,F.L. Pivoto et al. / Veterinary
oria, G., D’agostaro, G., Poretti, A., 1978. Age-dependent variations of
antibody avidity. Immunology 35, 601.
uarte, P.C., Conrad, P.A., Barr, B.C., Wilson, W.D., Ferraro, G.L., Pack-
ham, A.E., Carpenter, T.E., Gardner, I.A., 2004. Risk of transplacental
transmission of Sarcocystis neurona and Neospora hughesi in California
horses. Journal of Parasitology 90, 1345–1351.
ubey, J.P., Lindsay, D.S., Kerber, C.E., Kasai, N., Pena, H.F., Gennari, S.M.,
Kwok, O.C., Shen, S.K., Rosenthal, B.M., 2001a. First isolation of Sarco-
cystis neurona from the South American opossum, Didelphis albiventris,
from Brazil. Veterinary Parasitology 95, 295–304.
ubey, J.P., Lindsay, D.S., Saville, W.J., Reed, S.M., Granstrom, D.E., Speer,
C.A., 2001b. A review of Sarcocystis neurona and equine protozoal
myeloencephalitis (EPM). Veterinary Parasitology 95, 89–131.
ubey,  J.P., Mitchell, S.M., Morrow, J.K., Rhyan, J.C., Stewart, L.M.,
Granstrom, D.E., Romand, S., Thulliez, P., Saville, W.J., Lindsay, D.S.,
2003. Prevalence of antibodies to Neospora caninum, Sarcocystis neu-
rona, and Toxoplasma gondii in wild horses from central Wyoming.
Journal of Parasitology 89, 716–720.
ubey, J.P., Schares, G., 2011. Neosporosis in animals – the last ﬁve years.
Veterinary Parasitology 180, 90–108.
ubey, J.P., Schares, G., Ortega-Mora, L.M., 2007. Epidemiology and control
of  neosporosis and Neospora caninum. Clinical Microbiology Reviews
20, 323–367.
alzone, C., Baroni, M.,  De Lorenzi, D., Mandara, M.T., 2008. Toxoplasma
gondii brain granuloma in a cat: diagnosis using cytology from an
intraoperative sample and sequential magnetic resonance imaging.
Journal of Small Animal Practice 49, 95–99.
arcia-Bocanegra, I., Cabezon, O., Arenas-Montes, A., Carbonero, A., Dubey,
J.P.,  Perea, A., Almeria, S., 2012. Seroprevalence of Toxoplasma gondii in
equids from Southern Spain. Parasitology International 61, 421–424.
arosi, L., Dawson, A., Couturier, J., Matiasek, L., de Stefani, A., Davies,
E., Jeffery, N., Smith, P., 2010. Necrotizing cerebellitis and cerebellar
atrophy caused by Neospora caninum infection: magnetic resonance
imaging and clinicopathologic ﬁndings in seven dogs. Journal of Vet-
erinary Internal Medicine 24, 571–578.
entile, A., Militerno, G., Schares, G., Nanni, A., Testoni, S., Bassi, P., Goll-
nick, N.S., 2012. Evidence for bovine besnoitiosis being endemic in
Italy – ﬁrst in vitro isolation of Besnoitia besnoiti from cattle born in
Italy. Veterinary Parasitology 184, 108–115.
ondim, L.F., Lindsay, D.S., McAllister, M.M., 2009. Canine and bovine
Neospora caninum control sera examined for cross-reactivity using
Neospora caninum and Neospora hughesi indirect ﬂuorescent antibody
tests. International Journal for Parasitology 95, 86–88.
oodswen, S., Kennedy, P., Ellis, J., 2012. A review of the infection, genet-
ics, and evolution of Neospora caninum: from the past to the present.
Infection, Genetics and Evolution 13, 133–150.
ide, G., Morley, E.K., Hughes, J.M., Gerwash, O., Elmahaishi, M.S., Elma-
haishi, K.H., Thomasson, D., Wright, E.A., Williams, R.H., Murphy, R.G.,
Smith, J.E., 2009. Evidence for high levels of vertical transmission in
Toxoplasma gondii. Parasitology 136, 1877–1885.
oane, J.S., Gennari, S.M., Dubey, J.P., Ribeiro, M.G., Borges, A.S., Yai, L.E.,
Aguiar, D.M., Cavalcante, G.T., Bonesi, G.L., Howe, D.K., 2006. Preva-
lence of Sarcocystis neurona and Neospora spp. infection in horses
from Brazil based on presence of serum antibodies to parasite surface
antigen. Veterinary Parasitology 136, 155–159.
aratepe, B., Babur, C., Karatepe, M.,  Kilic, S., 2010. Seroprevalence of
toxoplasmosis in horses in Nigde Province of Turkey. Tropical Animal
Health and Production 42, 385–389.ology 199 (2014) 107– 111 111
Kikuchi, Y., Chomel, B.B., Kasten, R.W., Martenson, J.S., Swift, P.K., O’Brien,
S.J., 2004. Seroprevalence of Toxoplasma gondii in American free-
ranging or captive pumas (Felis concolor) and bobcats (Lynx rufus).
Veterinary Parasitology 120, 1–9.
Kligler, E.B., Shkap, V., Baneth, G., Mildenberg, Z., Steinman, A., 2007. Sero-
prevalence of Neospora spp. among asymptomatic horses, aborted
mares and horses demonstrating neurological signs in Israel. Veteri-
nary Parasitology 148, 109–113.
Leon, A., Richard, E., Fortier, C., Laugier, C., Fortier, G., Pronost, S.,
2012. Molecular detection of Coxiella burnetii and Neospora can-
inum in equine aborted foetuses and neonates. Preventive Veterinary
Medicine 104, 179–183.
Locatelli-Dittrich, R., Dittrich, J.R., Richartz, R.R., Gasino Joineau, M.E.,
Antunes, J., Pinckney, R.D., Deconto, I., Hoffmann, D.C., Thomaz-Soccol,
V., 2006. Investigation of Neospora sp. and Toxoplasma gondii anti-
bodies in mares and in precolostral foals from Parana State, Southern
Brazil. Veterinary Parasitology 135, 215–221.
Mei, H.E., Radbruch, A., 2012. Characteristics of B cells and B cell
responses in aged individuals. In: Immunosenescence. Springer,
Berlin, pp. 55–84.
Mineo,  J.R., Camargo, M.E., Ferreira, A.W., 1980. Enzyme-linked
immunosorbent assay for antibodies to Toxoplasma gondii polysaccha-
rides in human toxoplasmosis. Infection and Immunity 27, 283–287.
Moraveji, M.,  Hosseini, M.H., Amrabadi, O., Rahimian, A., Namazi, F.,
Namavari, M.,  2011. Seroprevalence of Neospora spp. in horses in
South of Iran. Tropical Biomedicine 28, 514–517.
Moreno, B., Collantes-Fernandez, E., Villa, A., Navarro, A., Regidor-Cerrillo,
J., Ortega-Mora, L.M., 2012. Occurrence of Neospora caninum and Toxo-
plasma gondii infections in ovine and caprine abortions. Veterinary
Parasitology 187, 312–318.
Pomares,  C., Ajzenberg, D., Bornard, L., Bernardin, G., Hasseine, L., Darde,
M.L., Marty, P., 2011. Toxoplasmosis and horse meat, France. Emerging
Infectious Diseases Journal 17, 1327–1328.
Sager, H., Gloor, M.,  Björkman, C., Kritzner, S., Gottstein, B., 2003. Assess-
ment of antibody avidity in aborting cattle by a somatic Neospora
caninum tachyzoite antigen IgG avidity ELISA. Veterinary Parasitology
112, 1–10.
Silva, D.A.O., Lobato, J., Mineo, T.W.P., Mineo, J.R., 2007. Evaluation of sero-
logical tests for the diagnosis of Neospora caninum infection in dogs:
optimization of cut off titers and inhibition studies of cross-reactivity
with Toxoplasma gondii. Veterinary Parasitology 143, 234–244.
Tanaka,  T., Hamada, T., Inoue, N., Nagasawa, H., Fujisaki, K., Suzuki, N.,
Mikami, T., 2000. The role of CD4+ or CD8+ T cells in the protec-
tive immune response of BALB/c mice to Neospora caninum infection.
Veterinary Parasitology 90, 183–191.
Villalobos, E.M., Furman, K.E., Lara Mdo, C., Cunha, E.M., Finger, M.A.,
Busch, A.P., de Barros Filho, I.R., Deconto, I., Dornbusch, P.T., Biondo,
A.W., 2012. Detection of Neospora sp. antibodies in cart horses from
urban areas of Curitiba, Southern Brazil. Revista Brasileira de Para-
sitologia Veterinaria 21, 68–70.
Weston, J.F., Heuer, C., Parkinson, T.J., Williamson, N.B., 2012. Causes of
abortion on New Zealand dairy farms with a history of abortion asso-27–34.
Wobeser, B.K., Godson, D.L., Rejmanek, D., Dowling, P., 2009. Equine pro-
tozoal myeloencephalitis caused by Neospora hughesi in an adult horse
in Saskatchewan. Canadian Veterinary Journal 50, 851–853.
